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POLYTRIMETHYLENE TEREPHTHALATE RESINS WITH IMPROVED 

PROPERTIES 

The present invention relates to polytrimethylene 
terephthalate (PTT) resins having a low contaminants 
formation rate and a low content of residual 
contaminants, to a method for the production of such 
resins and to articles obtained from said resins. 

In general the polytrimethylene terephthalate resins 
used for the production of filaments, fibers and spin- 
fleeces for carpets, textile goods (wear, room 
textiles, technical textiles), further for the 
production of films and plastic materials have 
intrinsic viscosities usually above 0.75 dl/g. Resins 
with these values are obtained either by an all -melt 
polycondensation process of terephthalic acid or 
dimethylterephthalate with propanediol or by a two 
step process of melt and solid state polycondensation 
process, whereas in the first polycondensation 
reaction the intrinsic viscosity generally does not 
reach values higher than 0.6-0.7 dl/g and the resin 
viscosity has to be increased by solid-state 
polycondensation (SSP) . 

The all -melt process e.g. is performed as set forth in 
US S 277 947, a melt plus SSP process e.g. is 
disclosed in WO 97/23543. 

The SSP reaction is performed by heating the pellets 
of the resin, after its crystallization, to a 
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temperature from about 180° to 230° C in a stream of 
inert gas (nitrogen or others) for a time sufficient 
to obtain the intended IV value. 

Extrusion of the resin from the all-melt processes to 
obtain the pellets to be subjected to SSP is 
generally performed in air. Resin processing to obtain 
the various articles is also performed in air. 

During resin pelletizing and treatment steps such as 
extrusion of the chips to spin filaments, fibers and 
fleeces for carpets, textile goods (wear, room 
textiles, technical textiles) and further to produce 
films and plastic materials, contaminants are 
generated in considerable amounts. 

Amongst the contaminants acrolein plays an important 
role. The residual acrolein content of the products 
can exceed up to 50 ppm and the acrolein formation 
rate, measured at 280° C. , can be higher than 30 ppm/ 
minute . 

The presence of acrolein, like the presence of other 
contaminants, negatively affects the application of 
PTT products, specifically in presence of temperatures 
higher than 60 °C. 

Accordingly, it is desirable to have the lowest 
possible acrolein content in the resin that is used in 
human environment. 
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It is also desirable for articles which do not make 
contact with wear and room textiles to have a low 
residual acrolein content. 

In order to obtain articles having a low residual 
acrolein content, the initial resin must be 
characterized not only by a low acrolein content but 
also and preferably by a low rate of acrolein 
formation at the process temperatures used to prepare 
the articles and at the thermal conditions of their 
application, i.e. during concentrated exposure to the 
sun's rays, ironing or drying processes. 

Methods are known for obtaining polytrimethylene 
terephthalate resins with a low acrolein formation 
rate. It was found that PTT thermal stabilizers and 
antioxidants reduce the formation of acrolein in PTT 
when heated/aged in air as disclosed by US 6,093,^86 
and US 6,242,558. But PTT comprising these additives 
is deemed to involve the drawback of showing a 
considerable residual acrolein formation rate at 
ambient temperatures. 

EP-A 1 142 955 discloses a titanium oxide- containing 
PTT resin composition. A PTT containing titanium oxide 
has the problem that the PTT forms large amounts of 
acrolein and allyl alcohol in comparison with PTT 
without titanium oxide. Therefore, in EP-A 1 142 955 
the polycondensation is carried out in presence of a 
phosphorous compound and/or a hindered phenol in order 
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to inhibit the generation of by products such as 
acrolein and allyl alcohol. 

The generation of dipropylene glycol* as a pre product 
of acrolein during PTT fabrication can be reduced by 
addition of basic metal salts to the reaction mixture 
before or during the polycondensation (US 2002/010310 
Al) . 

In WO 01/81447 a PTT polymer is disclosed with reduced 
amounts of dipropylene glycol monomer units. This 
composition is obtained without addition of any 
stabilizers and when heated in air, it has a reduced 
tendency to generate acrolein. 

WO 00/58393 discloses melt stable aliphatic and 
aromatic amines and amides as stabilizing additives for 
3-hydroxypropanoxy terminated polymers which reduce the 
emission of acrolein from such polymers (e.g. PTT) . 

Surprisingly it has been found that the emission of 
acrolein from a Polytrimethylene terephthalate (PTT) 
resin can be reduced by a composition comprising 
Polytrimethylene terephthalate (PTT) , wherein the 
composition is obtainable by contacting molten 
Polytrimethylene terephthalate (PTT) resin with an 
effective amount of a melt stable, organic stabilizing 
compound. Such compound is selected from the group 
comprising poly functional alkohols, alcoholates, 
anhydrides of carboxylic acids, carboxylic acids and 
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their salts, carbohydrates and derivatives of 
carbohydrates . 

A melt stable, organic stabilizing compound in the idea 
of the present invention does not contain any nitrogen 
atoms, in contrast to the melt stable nitrogen 
containing compounds disclosed in WO 00/58393'. 

The term melt stable means that said organic 
stabilizing compound does not decompose at usual 
temperatures of a PTT melt during processing of about 
250-280°C. The stability of said compounds is not 
. determined in the PTT melt itself but by usual 
analytical methods (e.g. kofler hot bench). Such 
methods and physical data of said compounds are 
generally known from literature (e.g. Handbook of 
Chemistry and Physics, 83 th edition, CRC Press, Boca 
Raton, 2002) . 

According to the invention there is provided for the 
first time a polytrimethylene terephthalate (PTT) 
resin composition having an acrolein formation rate at 
280° C of less than 15 ppm/minute, preferably lower 
than 1 ppm/minute and particularly lower than 0 . 1 
ppm/min. The PTT resin composition of the invention 
advantageously is characterized by a low acrolein 
content < 10 ppm, preferred < 1 ppm and most preferred 
< 0.1 ppm . 

The said compound can be added to the PTT either when 
the PTT is in the molten state or when the PTT is in 
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the solid state, provided that the solid state PTT is 
processed thereafter through the molten state, thereby- 
allowing for a thorough mixing of PTT and additive. 

The amount of compound to be added to the PTT may vary 
over a broad range. It is preferred, however, that the 
compound is added in an amount of 10-30.000 ppm based 
on the total weight of the PTT. 

The behavior of the polytrimethylene terephthalate 
resins comprising substances according to the present 
invention is unusual with respect to the formation of 
acrolein, since the compounds usually added to PTT as 
stabilizers and antioxidants do not result in a 
limitation of the acrolein content or the formation 
rate of acrolein. 

It is known that thermal stabilizers and antioxidants 
in an amount in the range from 0.1 to 1% by weight are 
added to the Polytrimethylene terephthalate resin 
during the preparation of said resin in the 
esterif ication or transesterif ication step or in the 
subsequent step of polycondensation in the melt. Widely 
used thermal stabilizers for the purpose of 
stabilization embrace e.g. phosphorous compounds. 
Widely used antioxidants encompass e.g. hindered 
phenols. 

It is known from US 6,093,786 and US 6,242,558 that the 
generation of acrolein in the destillate streams during 
the polymerization of PTT is reduced when an organo- 
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phosphite thermal stabilizer is added during the 
reaction and also that the addition of a hindered 
phenolic antioxidant to PTT results in a polymer which 
is lower in color and less likely to generate acrolein 
when heated/aged in air. The resulting PTT resins have 
acrolein concentrations of > 10 ppm in the PTT. 

US 6,326/456 discloses phosphorous compounds, hindered 
phenolic esters and organophosphites as stabilizers 
which stop the catalysis of the thermal degradation of 
PTT melt by ions of heavy metals. 

Using the compounds in accordance with the present 
invention in concentrations of 10 to 30.000 ppm 
related to the polymer the concentration of acrolein 
in the pellets can be reduced to < 10 ppm preferably 
<1 ppm and most preferred < 0.1 ppm. 

The compounds preferably are added to the PTT melt 
before pelletizing. These compounds reduce the content 
of acrolein in the PTT after re-extrusion of the chips 
and spinning to fibers or processing to other 
application products. It was found that the effect of 
the said compounds continued also under solid 
conditions and the acrolein content in the chips, 
fibers and other application products still decreased. 

Heating the PTT products the acrolein formation rate 
dramatically is lowered as well. 
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It was found that melt stable poly functional alkohols 
and alcoholates are capable of reducing the emission of 
acrolein. Preferred examples of these compounds are 
selected from the group consisting of trishydroxy- 
methylpropane , pentaerythrite, sorbitol, 
polyvinylalkohol and aluminium-methanolate . 

In another embodiment the compound to be added is 
selected from the group consisting of anhydrides of 
carboxylic acids, carboxylic acids and salts of 
carboxylic acids. Preferred anhydrides are anhydrides 
of aromatic carboxylic acids. Preferred examples of 
such compounds are selected from the group consisting 
of phthalic anhydride, isophthalic anhydride and 
pyromellitic dianhydride. A preferred salt of a 
carboxylic acid is zinc-acetate. 

It was also found that carbohydrates and derivatives of 
carbohydrates can surprisingly reduce the emission of 
acrolein. 

It should be noted that all of the above additives can 
be used singly or in a mixture of two or more 
compounds . 

In this connection it was surprisingly found that a 
combination of an alkoholate and an anhydride of a 
carboxylic acid can synergistically reduce the emission 
of acrolein from a PTT resin. In a preferred 
embodiment, a combination of aluminium-methanolate and 
phthalic anhydride is added. 
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It was also found that a combination of an alkoholate 
and a polyfunctional alcohol can synergistically 
reduce the emission of acrolein from a PTT resin. In a 
preferred embodiment, a combination of aluminium- 
methanolate and pentaerythrite is added. 

Said compounds preferably are added to the resin in 
the melt by mixing before pelletizing or in an 
extruder before forming moldings or fibers or before 
subjecting the resin to the SSP step. 

The treatment of the resin in the molten state can be 
advantageously performed in an inert -gas atmosphere 
(nitrogen) , for example by passing a stream of inert 
gas flow in the environment in which preparation of 
the articles occurs. It is. also possible to work in 
air, but less satisfactory results are obtained. 

It has been found, and it is a further aspect of the 
invention, that it is possible to avoid coloring 
problems due to the presence of the compounds in 
accordance with the present invention in the melt or 
when the solid resin is subjected to SSP at a 
temperature above 180° C or when the solid resin is 
re -extruded before forming moldings and fibers by 
using these compounds in combination with thermal 
stabilizers and antioxidants. 

As already indicated, the antioxidants can be used in 
combination with the said acrolein converting 
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compounds can be used in the process according to the 
present invention. 

The antioxidants preferably include phosphites having 
the formula P(OR l ) 3/ whereas R are identical or 
different and are alkyl or aryl groups. 
It is also possible to use phosphates having the 
formula OP(OR) 3/ whereas R has the above mentioned 
meaning . 

Diphosphite compounds such as "Ultranox 626" or 
"Ultranox 627" (Brand names of compounds marketed by 
General Electric Specialty Chemicals) are preferred. 

Especially preferred are phosphonic acid derivatives 
of the formula Z-R- (PO) (OH) 2 with R = (CH 2 ) n and n = 1-6 
and Z = COOH, OH or . 

Other antioxidants which can be used are phenolic 
antioxidants, such, as hindered phenolic compounds, for 
example the compound "Irganox 1010 n or "Irganox 1076" 
by Ciba-Geigy or the compounds as discussed in 
6,093,786 and US 6,242,558. 

The PTT can comprise up to 20 % other monomer units as 
naphthalene dicarbonic acid or hydroxybenzoic acid or 
other diols as butanediol or ethanediol or 
cyclohexanediol . 

In accordance with the present invention also polymer 
blends up to 20 wt.-% with other polyesters or 
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combinations of them as polybutylene terephthalate, 
polyethylene terephthalate, polyethylene naphthalate 
and/or copolyethylene terephthalate can be used as PTT 
resins . 

Resins with a low acrolein formation rate and low 
acrolein content having an intrinsic viscosity of more 
than 0.75 dl/g and being obtained in an all-melt 
process or by additional solid stating are 
particularly suitable for the production of filaments , 
fibers and spin- fleeces for carpets, textile goods 
(wear, room textiles, technical textiles) , further for 
the production of films and plastic materials and for 
any other application which requires a low acrolein 
content and a low acrolein formation rate. 

The following examples are given by way of non- 
limitative illustration of the invention. 

analytical Methods: 

Acrolein content bv Headspace-GC 

1 g of PTT polymer which has been ground in liquid 
nitrogen is heated in a closed vial under nitrogen 
atmosphere at 150 °C for 30 minutes. From the vapour 
space of the vial a sample is taken and transferred to 
a gas chromatograph equipped with a flame ionization 
detector for analysis of the acrolein content. 
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Acrolein formation bv Thermodesorption-GC 
Prior to analysis PTT polymer is ground in liquid 
nitrogen. A sample of 200 mg is heated in a nitrogen 
stream at 280 °C for 12 minutes. The nitrogen- stream is 
passed through a trap filled with TENAX (reg. trade 
mark) where the organic components are removed from the 
stream. After the specified time the organic load is 
removed from the trap by rapid temperature increase 
transferred by a nitrogen stream to a gas chromatograph 
(FID) where it is further analyzed. 

Intrinsic viscosity (IV) 

125 - 145 mg polymer are weighed into a cylindrical 
dissolution vessel, 25 ml phenol/1,2 dichlorbenzene 
(60 : 40 w.w.) is added. The sample is stirred 20 min 
at 135 °C and cooled down. The IV of the solution is 
measured in an Ubbelohde viscosimeter at 25 °C. 

Examples 

1. PTT Chips were dried (lOh, 130 °C) , mixed with the 
powder of the melt stable organic compound capable 
of chemically reacting and thereby removing 
acrolein, extruded by a Husmann Extruder Model ES 
30, throughput 6 kg/ h at 260 °C. The melt passed a 
9 element mixing line (DN15 SMX, Sulzer) within 4 
min. and was spun out to strand. The strand was 
cooled by a 2 m long waterbath and granulated by a 
Scheer lab cutter to PTT chips. The chips were dried 
(lOh, 130°C) and prepared to analyze the acrolein 
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content . 

2. Comparison example, chip 

PTT chips without the additives of the present 
invention were re -extruded under the same conditions 
as described in example 1 and prepared to analyze 
the acrolein content. 

3. Re-extruded grounded PTT samples of pellets were 
filled in the desorption apparatus to desorb and 
analyze the acrolein. The following table shows the 
results of the analysis: 



Sample 


Acrolein 

desorption 

from 

original 

chips 

[ppm/12 min] 


Acrolein 

desorption 

from 

reextruded 
chip/ fiber 
[ppm/12 
min] 


Acrolein 
reduction 

[%] 


Samplel 


420 


415 


none 


Samplel +0.1% 

phthalic 

anhydride 




320 


23 


Samplel +0.1% 
phthalic 
anhydride + 
0,01% Al- 
methanolate 




162 


61 
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4. The PTT samples were analysed by the Headspace GC- 
Method to detect acrolein concentration in the 
reextruded polymer. The following table shows the 
results : 



Sample 


Acrolein con- 
centration in 
the 

reextruded 
chips [ppm] 


Acrolein 

reduction related 
to samplel [%] 


Samplel 


26 


none 


Samplel +0.1% 

trishydroxy- 

methylpropane 


17 


35 


Samplel + 0.1% 
D-sorbitol 


18 


31 


Samplel +0.1% 
polyvinyl - alcohol 


19 


27 


Samplel +0.1% 
zincacetate 


20 


23 


Samplel +0.1% 
phthalic anhydride 


18 


31 


Samplel +0.1% 
pentaerythrite 


18 


31- 


Samplel +0.1% Al- 
methanolate 


8 


69 


Samplel + 0.01% 
Al-methanolate 


20 


23 








Samplel +0.1% 
pentaerythrite + 
0,01% Al-methanolate 


9 


65 


Samplel +0.1% 
phthalic anhydride + 
0,01% Al-methanolate 


12 


54 



WO 03/080701 



15 



PCT/EP03/01707 



5. Repeating of Headspace GC- Method with some samples 
to analyze acrolein in the PTT Chips after storage 
of the samples at 25 °C: 



Sample 


Storage 
time 

[days] 


Acrolein 
concentration 
in the 
reextruded 
chips 

after storage 
tppm] 


Acrolein 
reduction 

related 
to 

samplel 
[%] 


Samplel 


0 


26 


none 


Samplel 


7 


26 


none 


Samplel +0.1% 
t t i shvdroxv- 
methylpropane 


7 


14 


46 


Samplel + 0.1% 
pentaerythrite 


7 


16 


38 


Samplel + 0.1% 
D-sorbitol 


7 


16 


38 


Samplel +0.1% 
polyvinyl - 
alcohol 


7 


18 


31 
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Claims : 

1- A composition comprising Polytrimethylene 

terephthalate (PTT) , wherein the composition is 
obtainable by contacting molten Polytrimethylene 
terephthalate (PTT) resin with an effective amount 
of at least one of a melt stable, organic 
stabilizing compound selected from the group 
comprising polyfunctional alcohols, alcoholates, 
anhydrides of carboxylic acids, carboxylic acids 
and their salts, carbohydrates and derivatives of 
carbohydrates, to reduce the emission of acrolein 
from said resin. 

2. The composition of claim 1, having an acrolein 
formation rate at 280° C of less than 15 
ppm/minute . 

3. The composition of claim 1 or 2, wherein the 
acrolein formation rate at 280° C is less than 1 
ppm/minute . 

4. The composition in accordance with one of the 
preceding claims, wherein the acrolein formation 
rate at 280° C is less than 0.1 ppm/minute. 

5. The composition in accordance with one of the 
preceding claims, wherein the residual acrolein 
content is less than 10 ppm. 
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6. The composition of claim 5, characterized by a 
residual acrolein content of less than 1 ppra." 

7. The composition of claim 5 or 6, characterized by 
a residual acrolein content of less than 0.1 ppm. 

8. The composition of claim 1 wherein the compound is 
added in an amount of 10-30.000 ppm based on the 
total weight of the PTT resin. 

9. The composition according to claim 1-8 wherein the 
compound to be added is trishydroxy-methylpropane, 
pentaerythrite, sorbitol or polyvinylalkohol . 

10. The composition according to claim 1-8 wherein the 
compound to be added is an anhydride of an 
aromatic carboxylic acid. 

11. The composition according to claim 10 wherein the 
compound to be added is phthalic anhydride, 
isophthalic anhydride or pyromellitic dianhydride. 

12. The composition according to claim 1-8 wherein the. 
compound to be added is aluminium-methanolate or 
zinc-acetate. 

13. The composition according to claim 1-8 wherein a 
combination of an alkoholate and an anhydride of a 
carboxylic acid is added. 
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14. The composition according to claim 13 wherein a 
combination of aluminium-methanolate and phthalic 
anhydride is added. 

15. The composition according to claim 1-8 wherein a 
combination of an alkoholate and a polyf unctional 
alcohol is added. 

16. The composition according to claim 15 wherein a 
combination of aluminium-methanolate and 
pentaerythrite is added. 

17. The composition according to any of the preceding 
claims, having an intrinsic viscosity of greater 
than 0,7 dl/g. 

18. The composition according to any of the preceding 
claims containing up to 20% by weight of 
polyethylene terephthalate, polyethylene 
naphthalate, polybutylene terephthalate and/ or 
copolyethylene terephthalate. 

19. The composition according to any of the preceding 
claims, containing one or more of polymer 
stabilizers selected from the group consisting of 
phosphorous acid, phosphoric acid, alkylesters of 
phosphoric acid, hydroxyalkylester of phosphoric 
acid, diphosphites and phosphonic acids in a 
concentration of 1 - 200 ppm as phosphorus in the 
substances . 
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20. The composition of claim 19 whereas the phosphonic 
acid is selected from 2 -carboxyalkyl phosphonic 
acid, 2 -hydroxyalkyl phosphonic acid, 2- 
aminoalkylphosphonic acid and the alkyl group is 
selected from methyl, propyl,, butyl, pentyl and 
hexyl . 

21. The composition according to any of the preceding 
claims containing thermo- oxidative polymer 
stabilisers as phenolic antioxidants, such as 
hindered phenolic compounds in concentrations of 
0.1 - 3 % by weight. 

22. The composition according to any of the preceding 
claims having been subjected to a solid-state 
polycondensation reaction in an inert -gas 
atmosphere . 

23. A method for preparing the composition according 
to claims 1-22 'wherein said melt stable, organic 
stabilizing compound and optionally 
thermostabilizer and/or antioxidants are added to 
the polymer in molten state and/or to the resin, 
which is then processed to fibers, filaments, non- 
wovens, films and/or mouldings. 

24. Fabrics, knittings and carpets made from filament 
yarns, staple fibers, bulked crimped yarns (BCF) 
and non-wovens obtained from the compositions of 
claim 1-22. 



INTERNATIONAL SEARCH REPORT 



IntematUjM Application No 

?Z1/W 03/01707 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 C08G63/183 C08K5/00 C08L67/02 




According to Intemallonai Patent Classification (PC) or to both national classiflc 


ation and IPC 




a FIELDS SEARCHED 


Minimum documentation searched (classification system followed by dassiflcat 

IPC 7 C08G C08L C08K 


ion symbols) 




Documentation searched other than minimum documentation to the extent thai 


such documents are Included in the fields searched 


Electronic data base consulted during the International search (name of data base end, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to cfaimNo. 


X 


EP 1 142 955 A (AS AH I CHEMICAL IND) 
10 October 2001 (2001-10-10) 
page 7, line 5 - line 13; claims 
1-3,6,9-11; table 1 


1-8,17, 
19-24 


X 


US 2002/010310 Al (JOHNSON EMERY DON ET 
AL) 24 January 2002 (2002-01-24) 
paragraph '0033! - paragraph '0034!; 
claims 1-33 


1-8,17 


X 


US 6 326 456 B2 (WILHELM FRITZ ET AL) 
4 December 2001 (2001-12-04) 

column 5, line 10 - line 48; claims 1-6 


1-11,13, 

15,17, 

19-24 






-/- 




| X Further documents are listed In the continuation of box C. 




• Special categories of died documents : 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

•E' eanTer document but published on or after the International 
filing date 

*L" document which may throw doubls on priority cialm(s) or 
which Is tiled to establish the publication date of another 
citation or other special reason (as specffied) 

*<y document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priorfiy dale and nol in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document fe taken alone 

■V document of particular relevance; the claimed Invention 
cannot bo considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
hthean 

"&° document member of the same patent family 


Date of the actual completion of the Intemallonai search 


Date of mailing of the international sea 


reft report 


12 June 2003 


24/06/2003 




Name and mailing address of the ISA 

European Patent Off ice, P.B. 5818 Patent ban 2 
NL-2280HVR88WOK 
TeL (431-70) 340-2040, Tx. 31 651 epo ni, 
Fax (+31-70) 340-3016 


Authorized officer 

Decocker, L 



Fomi PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



IntematloAt Application No 

PCT/y03/01707 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, wfln Indication .where appropriate, of the relevant passages 



Relevant to claim No. 



p,x 

A 
A 



WO 02 051616 A (MOORE TONY CLIFFORD 
;NICH0LS CARL STEVEN (US); SCMAVONE 
ROBERT JO) 4 July 2002 (2002-07-04) 
claims 1,15-26 

WO 01 81447 A (SHELL INT RESEARCH) 
1 November 2001 (2001-11-01) 

EP 0 943 649 A (SINC0 RICERCHE SPA) 
22 September 1999 (1999-09-22) 
paragraph '0020! - paragraph '0021!; 
claims 1-11 



1-11,22 



Form FCT71SA/210 (continuation of second shoot) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Intematla^AppUcatlon No 

PCT/EF 03/01707 



Patent document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


tr LLH£.HDO ft 




AU 


6368199 A 


O O Al? AAAA 

22-05-2000 






BR 


9914877 A 


AO AT AAA1 

03-07-2001 






EP 


1142955 Al 


in 1 A AAA1 

10-10-2001 






OP 


3247101 B2 


lb-01-^UU£ 






CN 


1325426 T 


05-12-2001 






WO 


0026301 Al 


11-05-2000 






TR 


200101178 T2 


21-09-2001 



US 2002010310 Al 24-01-2002 AU 3377901 A 27-08-2001 

CN 1416444 T 07-05-2003 
W0 0160888 Al 23-08-2001 



US 6326456 B2 11-10-2001 



EP 


1046662 Al 


25-10-2000 


US 


6277947 Bl 


21-08-2001 


US 


2001029289 Al 


11-10-2001 


AT 


234336 T 


15-03-2003 


BR 


0009917 A 


15-01-2002 


CN 


1368988 T 


11-09-2002 


DE 


69905856 Dl 


17-04-2003 


WO 


0064962 Al 


02-11-2000 


OP 


2002543227 T 


17-12-2002 


TW 


491866 B 


21-06-2002 


US 


2002028909 Al 


07-03-2002 



WO 02051616 A 04-07-2002 



US 


2002077443 Al 


20-06-2002 


US 


2002077405 Al 


20-06-2002 


us 


2002091226 Al 


11-07-2002 


wo 


02051616 A2 


04-07-2002 


AU 


3091602 A 


24-06-2002 


wo 


0248262 A2 


20-06-2002 


us 


2002156157 Al 


24-10-2002 


us 


2002156158 Al 


24-10-2002 


AU 


3259002 A 


24-06-2002 


WO 


0248237 Al 


20-06-2002 


US 


2002077445 Al 


20-06-2002 



W0 0181447 


A 


01-11-2001 


AU 


6736801 A 


07-11-2001 








WO 


0181447 A2 


01-11-2001 








US 


2002009353 Al 


24-01-2002 


EP 0943649 


A 


22-09-1999 


IT 


MI980537 Al 


17-09-1999 








EP 


0943649 A2 


22-09-1999 








JP 


11315196 A 


16-11-1999 








US 


6057016 A 


02-05-2000 



Form PCT/1SA/210 (patent family cm ox) (July 1092) 



